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Abstract 
We have studied the stability of various adsorbates, 
including gold, a platinum-iridium alloy, and DNA, on 
monoatomically flat gold imaged with a scanning tunneling 
microscope. We find that adsorbates are generally more 
stable, sometimes dramatically so, if imaged with a hopping 
trajectory of the tip rather than with the conventional 
constant-current scanning technique. Gold pits and 
associated debris formed on flat gold surfaces under saline 
solution by mechanical impact of the tip with the surface are 
always much more stable when imaged with hopping. 
Samples of thin, sub-monoatomic layers (0.1 nm and 0.2 
nm thick) of a platinum-iridium alloy evaporated onto gold 
and i, 11aged in air were not stable with either imaging method 
but were much noisier with constant-current scanning; 
samples of thick layers (20 nm and 50 nm) were stable with 
both methods, while layers l and 2 nm thick were generally 
stable with hopping and usually unstable with constant-
current scanning. DNA deposited onto gold as an aqueous 
solution and then air-dried was usually not stable enough to 
resolve molecular features with either scanning method, 
though adsorbed aggregates generally showed stable large-
scale structure with hopping but were very unstable with 
constant-current scanning. 
Key Words: scanning tunneling microscopy, adsorbates, 
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One of the difficulties in imaging biologically 
significant material with a scanning tunneling microscope 
(STM) is instability of molecular adsorbates. 
Monocrystalline gold or graphite is usually chosen as the 
adsorbate substrate because of its flatness and chemical 
stability toward water and oxygen, necessary for simple 
sample preparation by deposition from aqueous solution. 
However, the very inertness that allows these substrates to 
resist oxidation and hydration also discourages tight binding 
of desired adsorbates. 
Weak binding of the adsorbate being studied is not as 
much of a problem for electron beam microscopy 
(transmission or scanning) since the probing beam of 
electrons does not induce any significant force on the 
adsorbate. In an STM, on the other hand, there may be 
large forces induced by the probe tip (Mamin eta!., 1986). 
For applied voltages on the order of 1 Volt and distances on 
the order of 0.1 nm, one may expect electric forces due to 
either net charge or polarizability approaching 10 e V /nm, 
comparable to weak chemical bonds. Forces independent of 
electric field may also be large at small separations. 
Successes in imaging biological material, especially 
DNA (Beebe et. al., 1989; Dunlap and Bustamante, 1989; 
Lindsay et. al., 1989; Driscoll et. al., 1990; Keller et. al., 
1989· Cricenti et. al., 1989; Lee et. al., 1989), have shown 
that ;hese problems are not insurmountable, but routine 
reproducibility is still a serious problem. 
In an attempt to reduce the effect of the tip on the 
motion of adsorbates, we have studied imaging with a 
hopping motion of the STM probe tip. With this method 
data is taken at each of many discrete points on the surface 
by lowering the probe tip to the surface until a preset current 
value is detected, retracting the tip perpendicularly by up to 
several nanometers, and only then moving it transversally to 
the surface to the next point. This is similar to a hopping 
technique previously described (Jericho et. al., 1989) . in 
which the tip was periodically lifted from the surface while 
otherwise scanning in a constant current mode. This has the 
possibility of relieving stress, but the tip continues to move 
transversally even when close to the surface and so may 
disturb it. 
We have compared our hopping method with the 
usual constant-current scanning by looking at a variety of 
samples including gold displaced by the STM tip and 
readsorbed on gold in a solution of KC!, thin layers of a 
platinum-iridium alloy evaporatively deposited ont? gold and 
imaged in air, and DNA deposited on gold by drying a drop 
of aqueous solution and imaging in air. In all cases, the 
images are more stable with the hopping method at least 
some of the time, and never less stable. 
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Apparatus and imaging technique 
STM design 
Our STM uses a tripod of three screws driven by 
stepper motors for coarse positioning of the tip relative to the 
sample. This allows us, for example, to find the edge of a 
stain ring and explore microns or even millimeters of its 
length. A tubular piezoelectric scanner moves the sample for 
fine positioning and imaging. The tunneling current drives a 
linear amplifier with a bandwidth of about 5KHz, which 
then feeds a 12-bit analog-to-digital converter. The piezo 
electrodes are driven by amplifiers constructed of discrete 
high voltage bipolar transistors with an output range of O to 
250 Vanda bandwidth of about lOKHz, controlled by 16-
bit digital-to-analog converters. All positioning of the tip is 
digitally controlled with a fast microcomputer built around 
an RTX2000 microprocessor. A Macintosh computer is 
used for data display, storage, and analysis. 
One instrumental feature which is helpful for our 
method of hopping is mechanical damping of the piezo. The 
mechanical Q of piezoelectric material is typically 70 or 
more, so that vibrations generated by the hopping motion 
can be a problem even with heavily filtered piezo drive 
voltages. One can show that critical damping is expected 
with a thick (> 1cm) layer of silicone glue on a typical piezo 
tube scanner. The lowest mechanical resonance of the 
piezos is at about 50 kHz and each high voltage piezo drive 
amplifier incorporates a two-pole analog filter with a roll-off 
at 10 kHz, reducing Fourier components at the piezo 
resonance by about a factor of 25. We found that a layer of 
silicone glue about 5 mm thick reduced signal noise in our 
STM, apparently due to vibrations from the hopping motion, 
from a few tenths of a nanometer to 0.03 nm or so. 
The STM head is supported by springs in an 
aluminum box, which rests on an iron slab hanging from 
elastic cords. The system is always left undisturbed for one 
hour or more after mounting a sample to allow it to come to 
thermal equilibrium. The resulting observed thermal drift is 
typically about 0.1 nm/sec. 
Hopping and scanning techniques 
All images consist of arrays of 128x 128 or 64x64 
data points. Our image size can range from 1.6 nm to 800 
nm on a side. The smallest possible tip motion tangential to 
the surface is 0.025 nm; the smallest perpendicular motion is 
normally also 0.025 nm. Current data passes through an 
analog filter with a time constant of about 30 µsec and is 
digitally sampled, typically every 100 µsec. We typically 
apply 256 mV to the sample relative to the tip and set the 
target tunneling current to 0.125 nA; the dependence of 
stability on these parameters was not systematically studied, 
though we generally found that samples were less stable 
with lower voltages or higher currents. When establishing 
or maintaining a desired target current, whether during the 
approach segment of a hopping cycle or during constant-
current scanning, the logarithm of the tunneling current 
signal is digitally calculated and the tip moved with a simple 
linear correction formula once every 100 µsec. The 
magnitude of the correction coefficient is set to be about 
0.25 of the magnitude that causes oscillation. 
When hopping, we generally retract the tip by a 
distance equal to twice the transverse distance between data 
points, wait 100 µsec, move transversally, wait 100 µsec, 
and then begin a perpendicular descent to establish the 
desired current. We find that samples are often much more 
stable with a retraction distance equal to two rather than one 
times the transverse distance, but we see little or no 
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improvement with a retraction distance equal to four times 
the transverse distance and greater retraction distances have 
the disadvantage of longer imaging times. To ensure that the 
tip does not crash, the largest allowed decent step size is 
typically about 1 nm (at this distance the tunneling signal is 
barely detectable). This descent may take 10 or more 
corrections of the tip position, depending on the initial tip-
sample distance. As soon as the measured current is within 
a certain fraction of the target current, usually 20%, the tip is 
retracted and the next cycle is begun. 
When scanning in the constant-current mode, the tip 
is moved transversally by 0.025 nm and the perpendicular 
distance corrected once every 100 µsec. Large images (400 
nm on a side) take about one minute to acquire with the 
hopping technique and about 5 minutes with constant current 
scanning due to the near-instantaneous transverse motion 
and faster vertical motion of the hopping technique. The 
instrumental RMS noise typically ranges from 0.025 to 0.1 
nm, allowing us to easily and routinely image terrace edges 
in crystalline gold with both methods, but precluding 
resolution of individual gold atoms. The tunneling current 
was carefully monitored during acquisition of all images 
described here and was observed to usuaily be within a 
factor of two of the target current of 0.125 nA, and never 
larger than about 1 nA. 
Probe tips 
Our STM tips are electrochemically etched and 
mechanically broken tungsten wire. Our method is similar 
to others reported (Bryant et. al., 1987) but is modified so 
that an extremely small mass causes the break that forms the 
tip. We paint the last 0.125 mm of a 2 to 3 cm length of 
0.25 mm diameter tungsten wire with a varnish (fingernail 
polish). This end is lowered 0.5 to 1 mm into a 1 M 
solution of NaOH and etched with a 1 to 3 ma current 
generated by a 12 VDC supply in series with a 3 KQ 
resistor. The counter electrode is another piece of tungsten 
wire. The wire is etched above the varnish, forming a neck 
that breaks when it becomes thin enough and allowing the 
small piece of tungsten and varnish to drop off. The 
accompanying change in voltage across the resistor is 
detected and used to trigger an electronic switch which turns 
off the current in about 1 microsecond, stopping further 
etching. 
Since the tip quality may be very important in the 
scanning technique comparison described here, TEM images 
of a typical tip are shown in Figures 1 A and 1B. The very 
end of this tip is rounded with a radius of curvature of -2-4 
nm in Figure 1B, though some tips have a sharp corner that 
appears rounded only by the resolution of the TEM, about I 
nm. 
Tips used for imaging under solution were first 
coated with Apiezon wax heated with a soldering gun. 
We also have used mechanically cut platinum-iridium 
and platinum tips with both hopping and constant-current 
scanning techniques but have not made a systematic 
comparison since we expect greater variation in tip quality. 
Sample preparation 
We make gold surfaces that are atomically flat over a 
100 nm or more by evaporating approximately 150 nm of 
99.995% pure gold at a rate of about 0.2 nm/sec onto hot 
mica (Emch et. al., 1988) at a pressure of a few times 10-6 
Torr using a commercial evaporator made by Ladd. We find 
that a thickness much less than 100 nanometers may not 
conduct electricity, while a coating thicker than about 200 
nm appears frosty to the eye and is unstable in the STM, 
apparently due to the gold detaching from the mica. 
The stability of adsorbates imaged with an STM 
Coatings of approximately 2 nm (about 5 atomic 
diameters) of an alloy of 90%platinum-10%iridium were 
made by evaporation onto gold surfaces at room 
temperature, prepared about 30 minutes earlier as described 
above and exposed briefly to air between gold and platinum-
iridium coatings. 
Calf thymus DNA was deposited onto gold surfaces 
as a drop of solution and then air dried (Beebe et. al., 1989). 
We generally use approximately 3 µg,lcc of calf thymus DNA 
purified by dialysis in an aqueous solution of 10 mM 
ammonium acetate. 
Results and Discussion 
Gold on gold under solution 
We are primarily interested in the stability of 
biological adsorbates, and other reports have pointed out that 
it may be advantageous to prepare and image these under 
saline solution under potentiostatic control (Lindsay et. al., 
1989). We therefore looked at a very simple system under 
solution: gold debris on gold, mechanically formed by the 
STM tip. Gold adsorbates rather than organic adsorbates 
were used to reduce the problem of interpreting the images 
due to unknown tunneling or conduction properties. Pure 
gold samples were imaged a few days after making them, 
under a potentiostatically controlled solution of 10 mM KC!. 
The potential difference between a silver chloride reference 
electrode and the gold surface was kept near zero, and the tip 
was biased negatively by 128 mV relative to the reference to 
avoid electrochemical reactions between the tungsten tip and 
the solution. Large pits and associated debris were 
mechanically formed by punching the tip approximately 50 
nm into the surface. When imaged with hopping, the pits 
are always very stable, not changing at all from one image to 
the next. Figure 2A shows a typical pit and debris imaged 
with hopping. This pit was purposely made next to an 
existing structure, the edge of a relatively rare, 20 nm high 
plateau. Several images like Figure 2A were made with the 
hopping technique after this pit was formed, and all were 
essentially identical. The image in Figure 2B was then 
acquired with constant-current scanning. This clearly shows 
movement of the debris by the tip, and even enlargement of 
the pit in the scanning direction. The tip probably became 
stuck in the pit and scratched the surface, though the 
tunneling current was carefully monitored and observed to 
never be above about 0.5 nA. This has been observed with 
many of these pits formed by our very thin, sharp tips. The 
next several images taken used hopping and appear identical 
to 2B, while subsequent constant-current scanning resulted 
in further motion of the gold. Many such pits have been 
made, and the gold was usually mobile with at least the first 
constant current scan but never showed any motion with the 
hopping technique. Structures in the gold not created by the 
tip, ranging from monoatomic terrace edges to large defects, 
were always stable with both hopping and constant-current 
scanning. 
Platinum-iridium on gold in air 
We have also studied the stability of small metal 
clusters adsorbed on gold in air. We did not expect to get 
simple, conclusive results looking at gold on gold in air 
because gold is known to be very mobile, allowing gold 
particles to quickly "weld" to a clean gold surface, while 
variations in atmospheric conditions (especially humidity) 
would be likely to cause variations in this process. We 
therefore chose to look at a dissimilar but still noble metal 
deposited on gold under vacuum and then imaged in air. 
Several samples of a platinum-iridium coating on 
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gold were prepared and imaged, with nominal thicknesses of 
0.1, 0.2, 1.0, 2.0, 20, and 50 nm. Samples imaged with 
only hopping at a tip-sample bias of 512 mV were always 
stable for thicknesses equal to and greater than 1.0 nm, not 
changing from one image to the next, and showed some 
variable structure but little noise for 0.1 and 0.2 nm 
thicknesses. Images made with constant-current scanning at 
the same bias were always very stable for thicknesses of 20 
and 50 nm, very unstable in one of two 2.0 nm samples, 
somewhat unstable with our 1.0 nm sample, and very noisy 
and unstable with 0.2 and 0.1 nm samples. 
We found that constant current scanning or small bias 
voltages with either imaging technique often disturbed the 1 
and 2 nm platinum-iridium coatings, apparently removing 
the platinum-iridium and often leaving a bare patch of 
underlying gold. Once the surface was disturbed all 
subsequent images that were made with the same tunneling 
tip, using either hopping or constant-current scanning, were 
usually very noisy, probably due to debris stuck to the tip. 
Occasionally clear images would appear after disturbing the 
surface, but only with hopping. 
One example is shown in Figures 3A through 3H. 
In figure 3a a 50 nm x 50 nm region was imaged using 
hopping with a bias of 256 mV, and showed a level but 
homogeneously bumpy surface. These 2 nm bumps or 
clusters are characteristic of evaporatively deposited 
platinum-iridium; the underlying gold is flat to within a 
fraction of an Angstrom except for occasional terrace edges 
and appears perfectly flat at this magnification. After 
approximately IO images of the same area, images began to 
be very noisy. The tip was then moved a few microns to 
another spot and several images were again made, using 
hopping with a bias of 256 mV, and again the first few 
images were good, looking qualitatively like 3A, but then 
becoming very noisy. The bias was increased to 512 mV 
and immediately the signal quality improved, yielding 
several essentially identical images that showed an altered 
but now stable surface; one of these is shown in figure 3B. 
This is consistent with the expectation that the tip will be less 
likely to disturb the surface with the greater tip-surface 
separations of greater bias voltages. Reducing the bias to 10 
mV for one image gave a very noisy image in which no 
structure could be seen; returning to 512 m V gave the clean 
image of figure 3C, altered somewhat from 3B but with 
some clearly corresponding features. The following image, 
figure 3D, confirms that imaging with hopping and a bias of 
512 m V is not disturbing this surface. An image was next 
made with constant current scanning at the same bias of 512 
mV, yielding the noisy and featureless image of figure 3E. 
We generally find that if more than one or two very noisy 
constant current images like this one are made, all further 
images using either imaging method continue to be very 
noisy. The remaining images of this sequence were 
therefore all made with hopping. Six images were next 
made at 512 m V, all showing a very similar stable surface, 
but again altered compared with 3D: the third and sixth were 
recorded as representatives and are shown here as figures 3F 
and 3G. Two images of a larger overlapping 100 nm x 100 
nm area were then made with hopping at 512 mV; they were 
essentially identical, displaying an approximately rectangular 
recessed flat area where the platinum-iridium coating had 
apparently been scraped away exposing the monoatomically 
flat gold substrate. The second of these is shown in figure 
3H. Finally, a larger 400 nm x 400 nm overlapping area 
was imaged with hopping at 512 mV and showed the same 
rectangular, flat recess near the center of a homogeneous 
bumpy surface. 
This process of scraping recessed squares in 
previously homogeneous surfaces was repeated at other 
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Figure 1. TEM image of an electrochemically etched and 
mechanically broken tungsten tunneling tip. 
(A) Magnification of 4400. (B) Magnification of 400,000. 
Figure 2. (A) Gold under a solution of KC! imaged with 
the hopping method, after the tip was smashed into the 
surface to create a pit and debris. The pedestal is 400 nm x 
400 nm x 40 nm. (B) The same area of gold subsequently 
imaged using constant current scanning shows an altered 
surface. 
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Figure 3. (A) 2 nm of platinum-10%iridium on gold, 
imaged in air with the hopping method with a tip bias of 256 
mV. The pedestals in figures 3A-3G are 50 nm x 50 nm x 
2nm. (B) The same sample, imaged with hopping at 512 
mY after several images at 256 mV disrupted the surface. 
(C) The same area imaged with hopping at 512 mV after one 
very noisy hopping image at 16 mV. Imaging at the low bias 
has apparently further disrupted the surface. (D) The same 
area imaged again with hopping at 512 mV to verify stability 
with hopping at this bias. (E) The same area imaged next 
with constant current scanning is very noisy. (F) The third 
of six hopping images, all essentially identical except for 
noise and showing a surface greatly altered by the scan of 
3E. (G) The sixth of six hopping images. Comparison with 
3F indicates the stability of the surface with hopping after 
disruption with a constant current image. (H) The second 
of two hopping images of a larger overlapping area. The 
pedestal is 100 nm x 100 nm x 4nm. A region apparently 
scraped flat by imaging at low bias and with constant current 
scanning is visible. 
Figure 4. (A) Adsorbate from a solution of DNA on gold 
imaged in air with the hopping method. The pedestal is 200 
nm x 200 nm x 5 nm. (B) The same area and scale as 4A, 
imaged immediately afterward with constant current 
scanning. 
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spots on this sample with similar results. 
We found similar behavior with a 1.0 nm sample: 
images became very noisy, and square recesses were formed 
in the surface with either low voltages or with constant 
current scanning at 512 mV, but with hopping at 512 mV the 
images were good and the surface was not altered. 
However, one day later this same sample was very stable 
with either imaging technique at all bias voltages, and we 
could alter the surface only by mechanically punching it with 
the tip. After doing this, images were fairly good with 
hopping, showing a small pit approximately 2 nm deep. A 
constant current scan then gave very a noisy image, and 
hopping images following this were again fairly free of 
noise, but showed a greatly modified surface with a large 
flat area where the smaller pit had been. This is consistent 
with the hypothesis that punching the surface with the tip 
fractured the platinum-iridium coating over a large area 
which remained stable with hopping but was not stable with 
constant current scanning. 
Two factors that are likely to be important in the 
variable stability of these 1 to 2 nm thick metal coatings are 
uncertainty in the thickness (-25%) and variable atmospheric 
conditions, including humidity and duration of exposure to 
air. These have not been studied further. 
DNA on gold 
We generally have difficulty imaging DNA on gold. 
If the DNA concentration is too low, we see only a flat 
surface which we identify as gold by observing occasional 
0.4 nm terraces. If the concentration is too high we see a 
variable but rather featureless curved surface and also note a 
very slow change in current with tip-sample separation. We 
suppose this is due to the tip being immersed in a thick 
coating with small but nonzero conductivity. On rare 
occasions we see small clusters and strands which we take 
to be DNA. This report is not concerned with these rare 
preparations displaying molecular resolution, but rather with 
the stability of more typical preparations. 
We do generally see some structure at the edge of a 
stain ring formed by a drop having a concentration estimated 
to leave approximately one monomolecular layer if it were 
evenly deposited (about 3 µg/ml). Of course, without 
molecular detail we cannot identify the adsorbate: it may be 
DNA, ammonium acetate, impurities, or some combination. 
With hopping we always see more structure, and structure 
that is more stable from one image to the next than with 
constant current scanning, although details still may change 
from one image to the next. Figure 4 illustrates typical 
images: 4A was the second of three images of the same spot 
taken with a freshly etched tip using hopping with a tip-
sample bias of 512 m V. The first image was qualitatively the 
same but different in detail. The third image was similar to 
4A in many details. Figure 4B shows the fourth image, 
made with constant current scanning. Little structure is 
apparent. All images subsequently made with hopping were 
much noisier and variable than the first three, and all images 
subsequently made with constant current imaging looked 
similar to 4B. Material probably became stuck on the tip. 
Images made with higher magnification are generally less 
stable; this may be because the distance the tip retracts is 
proportional to the image size with our present hopping 
software. These results certainly do not illustrate high 
resolution images of DNA, but rather provide another 
illustration that adsorbates, whatever their identity, may be 
disturbed less by hopping than by constant current scanning. 
Conclusions 
A variety of factors may influence the stability of 
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adsorbates when imaged with an STM, including 
atmospheric conditions, age of sample, tunneling voltage 
and current, and pattern of tip motion. Our studies of 
stability have been hindered primarily by a) the fact that once 
the surface has been found to be unstable the tip is usually 
ruined and must be replaced, making systematic variation of 
parameters difficult, and b) instrumental drift in our STM, 
which usually makes comparison of images with different 
parameters impossible unless they are made within a short 
time. Nevertheless, the data presented here strongly indicate 
that moving an STM tip on a hopping trajectory often 
improves image quality and sample stability and is never 
worse, as compared with constant-current scanning. 
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Discussion with Reviewers 
M. Amerin: The comparison of your and others' hopping 
techniques is not quite clear: isn't the hopping technique 
described by Jericho et. al. significantly different? 
Author: It is, perhaps, significantly different in that it 
realizes a common ideal less precisely. The hopping method 
of Jericho et. al. uses a slight modification of the technique 
and control electronics commonly used for constant current 
scanning: the tip is scanned on the sample's surface with a 
constant tangential velocity as usual, while the feedback loop 
determining the perpendicular position is periodically turned 
off as the tip is pulled back by some fixed distance. This 
results in the tip ramping away from the surface and then 
down again after the feedback loop is turned back on, and 
moving for a short distance near the surface. This is 
repeated 300 times or so during each line scan, with the tip 
scanning near the surface during approximately 25% of each 
cycle, and moving at an angle to the surface during the 
remaining 75%. In contrast, our tip has a tangential 
component of velocity only when it is far from the surface. 
M. Amerin: Did the author observe -a dependence of the 
tip-sample interactions on the tunneling voltage and the 
tunneling current? 
Author: Yes, we did observe a dependence on the 
tunneling voltage. It appeared that for any given sample 
there was a critical voltage below which the sample was 
unstable toward constant current scanning, and a different 
critical voltage below which the sample was unstable toward 
hopping. These voltages varied from one sample to another, 
but the critical voltage for constant current scanning was 
always greater than that for hopping. This was not 
systematically studied, but the observations associated with 
figures 3a and 3b and discussed in the text were 
representative: the surface was only slightly disturbed when 
hopping with a tunneling voltage (256 mV) equal to half the 
tunneling voltage (512 mV) that caused great disturbance 
when imaging with constant current scanning. We did not 
vary our tunneling current in this work and so have no 
information about possible dependence. 
M. Amerin: Tunneling tips made of tungsten oxidize at 
ambient conditions. The oxide layer may be the cause of 
strongly increased tip-sample interaction. Has the author 
tried to use tunneling tips made of materials that are not 
easily oxidized (e.g. Pt-Ir)? 
Author: We have used Pt-Ir tips, but only mechanically cut 
tips, not etched. We often get very good results with these 
tips but have not systematically compared hopping and 
constant current scanning with them. 
D. P. Allison: What was the purpose of doing the gold on 
gold experiment under potentiostatic control in a liquid 
environment? This would appear to be another variable and 
the obvious question is what happens when the experiment 
is done in air? 
Author: As mentioned in the text we are primarily 
concerned with biological adsorbates for which an aqueous 
environment may be desireable. Although the identity of a 
liquid environment is another variable, for a given fluid it 
can be considered constant while the variability of an 
atmospheric environment, especially its humidity, is great. 
Certainly a vacuum, or perhaps even an environment of dry 
nitrogen, is less variable, but our STM is not presently set 
up for this. Still, one may ask how the stability of gold on 
gold in air with these two imaging methods compares, but 
we have not carefully looked at this. 
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D.P. Allison: Since the author is using images of a 
quality not sufficient to resolve the ultrastructure of DNA 
and since the DNA is not of a uniform length it is not 
possible to say that DNA is being seen. If a biological 
adsorbate is the desired specimen to be used, why not use a 
virus or bacteriophage of known and larger dimensions that 
might be identified? 
Author: The interpretation of data becomes more difficult 
with large adsorbates that are macroscopically electrical 
insulators, such as most organic material, so these have been 
avoided. We are, however, now working with small 
bacterial plasmids of homogeneous and known length to 
allow us to identify this adsorbate with greater certainty. 
R. Edstrom: What experimental evidence can the authors 
cite to support their contention that the images in Figures 4a 
and 4b are really DNA and not a contaminant in the DNA 
solution or an artifact of the gold surface? 
Author: The gold surfaces used are reproducibly very 
much flatter than the features in these figures, so it is 
extremely unlikely that these images and others like them are 
due to artifacts of the gold. We cannot, however, exclude 
the possibility that these features are due to some other 
material such as the salt of the solution. This does not 
however change the conclusion that the material on the 
surface appears to be much more disturbed by constant 
current scanning than by hopping. 
M. Amerin: What is the temperature of the mica when 
gold is evaporated onto it? 
Author: We have not attempted to study this preparation 
technique in detail, but rather use a very simple apparatus 
that gives us reasonably good results: We support pieces of 
electrical grade mica on a stainless steel ribbon which is 
connected in parallel with the tungsten wire from which the 
gold is evaporated. By trial and error we find that with a 5 
mil stainless steel and a 0.5 mm diameter tungsten wire, we 
can use our single high current low voltage transformer to 
evaporate the gold at the desired rate while simultaneously 
heating the mica by an amount that gives fairly large 
monoatomically smooth terraces. By the barely visible dull 
red glow of the steel and by comparison of our resulting 
films with results of others such as that cited in the text, we 
estimate the temperature of the steel and the mica to be about 
450±50°C, but we have not measured it and it is clearly not 
precisely controlled in our apparatus. 
